An integrated stochastic-fuzzy method for supply chain leanness evaluation in Iranian automotive small and medium enteprises by Behrouzi, Farzad
AN INTEGRATED STOCHASTIC-FUZZY METHOD FOR SUPPLY CHAIN 
LEANNESS EVALUATION IN IRANIAN AUTOMOTIVE SMALL AND 
MEDIUM ENTEPRISES  
 
 
 
 
 
 
 
 
 
 
 
FARZAD BEHROUZI 
 
 
 
 
 
 
 
 
 
 
 
UNIVERSITI TEKNOLOGI MALAYSIA 
AN INTEGRATED STOCHASTIC-FUZZY METHOD FOR SUPPLY CHAIN 
LEANNESS EVALUATION IN IRANIAN AUTOMOTIVE SMALL AND 
MEDIUM ENTERPRISES  
 
 
 
 
 
 FARZAD BEHROUZI 
 
 
 
 
A thesis submitted in fulfilment of the 
requirements for the award of the degree of 
Doctor of Philosophy (Mechanical Engineering) 
 
 
 
 
Faculty of Mechanical Engineering 
Universiti Teknologi Malaysia 
 
 
 
 
JULY 2013  
 iii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Especially dedicated to Aba Saleh Al-Mahdi (a.s) 
 iv 
ACKNOWLEDGEMENT 
 
 
 
First, I thank Allah for granting me perseverance, strength, and guidance to 
complete this thesis. Without the abundant grace of Allah, the start and completion 
of this work was not possible.  
 
 
I would like to express my sincere thanks and deep gratitude to my 
supervisor, Dr. Wong Kuan Yew for his guidance, critics, and encouragement during 
this research. I am also very thankful to my co-supervisor (external co-supervisor), 
Professor Dr. Azizollah Memariani for his guidance, advices and motivation. I must 
also acknowledge Professor Dr. Mostafa Kazemi for valuable guidance and help 
during his stay at Universiti Teknologi Malaysia (UTM) and especially for providing 
data from the second case study.  
 
 
I am also indebted to Universiti Teknologi Malaysia (UTM) for financial 
support. Librarians and staff at UTM also deserve special thanks for their useful 
assistance and help throughout this research. Unfortunately, it is not possible to list 
all of them in this limited space.  
 
 
I would also like to express my deepest gratitude to my parents for their 
support and encouragement during my life and this research. Without their continued 
support and interest, I was not at this point. I wish also to express my appreciation to 
my mother-in-law and father-in-law for their support and encouragement. At the end, 
I would like to especially thank my devoted wife, Negar, whose love and patience 
supported me during our life in Malaysia.  
 
 
I hope Allah give his infinite mercy and reward to all of you. 
 
v 
 
 
ABSTRACT 
 
 
 
 
In today’s competitive markets, companies have realized that there is an 
urgent need to improve the performance of the whole supply chain of which they are 
members. A measure of leanness is needed to provide decision support information 
such as the current leanness level, the progress of lean supply chain implementation, 
and the extent of potential improvements in the supply chain. In spite of the vast 
amount of studies on lean concepts and related tools and techniques, the evaluation 
of lean situation (leanness) is less investigated especially in a supply chain. In order 
to fill this gap, this research was carried out to systematically quantify the leanness 
of Small and Medium Enterprises' (SMEs) supply chain in the automotive industry 
with regard to stochastic and fuzzy uncertainties in performance measures. 
Particularly, four performance categories (quality, cost, delivery and reliability, and 
flexibility) along with 28 related metrics were developed as surrogates for leanness. 
These were achieved through a questionnaire survey, using experts' knowledge and 
experience from SMEs in the automotive industry in Iran. Factor analysis along with 
principal component analysis was used to validate the measures and metrics. Validity 
and reliability tests were consequently conducted. Following this, a stochastic-fuzzy 
method was developed to evaluate and predict the leanness of supply chain. The 
probability function of the total leanness was identified and different leanness 
situations were consequently evaluated and predicted. A total leanness index was 
also provided and connected to fuzzy sets (linguistic terms) to evaluate the current 
leanness level. The developed method was consequently tested and evaluated by 
using two case studies, and some management actions were suggested based on 
different values of leanness level. From the evaluation, it was found that the 
proposed method is applicable and easy to use. In addition, it was found that SMEs 
in Iran's automotive industry need to be given more attention in order to enhance 
their leanness level. This study contributes to expand the knowledge on supply chain 
leanness measurement and provides practical guidelines for manufacturing SMEs in 
the automotive industry to evaluate, predict, and improve the leanness of their supply 
chain using an integrated stochastic-fuzzy method.     
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ABSTRAK 
 
 
 
 
Dalam pasaran yang kompetitif hari ini, banyak syarikat telah menyedari 
bahawa terdapat keperluan segera untuk memperbaiki prestasi rantai bekalan 
keseluruhan yang mana mereka adalah ahli. Dengan adanya pengeluaran ramping, 
rantai bekalan ramping boleh dianggap sebagai satu strategi menang-menang untuk 
semua ahli daripada pembekal yang pertama kepada pelanggan yang terakhir untuk 
mencapai nilai yang lebih. Satu ukuran kerampingan diperlukan untuk menyediakan 
maklumat sokongan keputusan seperti tahap kerampingan semasa, kemajuan 
perlaksanaan rantai bekalan ramping, dan tahap potensi penambahbaikan  dalam 
rantai bekalan. Walaupun terdapat banyak kajian ke atas konsep ramping dan alat-
alat dan teknik-teknik yang berkaitan, penilaian keadaan ramping (kerampingan) 
kurang disiasat terutamanya dalam rantai bekalan. Untuk mengisi jurang ini, kajian 
ini telah dijalankan untuk mengukur secara sistematik kerampingan rantai bekalan 
syarikat kecil dan sederhana dalam industri automotif dengan mengambil kira 
ketidaktentuan stokastik dan kabur dalam ukuran prestasi. Khususnya, empat 
kategori prestasi (kualiti, kos, penghantaran dan kebolehpercayaan, dan fleksibiliti) 
bersama-sama dengan 28 metrik yang berkaitan telah dibangunkan sebagai pengukur 
untuk kerampingan. Hasil ini diperolehi melalui soal selidik, menggunakan 
pengetahuan dan pengalaman pakar dari syarikat kecil dan sederhana dalam industri 
automotif di Iran. Analisis faktor bersama-sama dengan analisis komponen utama 
telah digunakan untuk mengesahkan semua faktor dan metrik. Ujian kesahihan dan 
kebolehpercayaan kemudiannya dijalankan. Berikutan ini, satu kaedah stokastik-
kabur telah dibangunkan untuk menilai dan meramal kerampingan rantai bekalan. 
Fungsi kebarangkalian jumlah kerampingan telah dikenalpasti dan situasi 
kerampingan yang berbeza telah dinilai dan diramalkan. Satu indeks jumlah 
kerampingan juga dihasilkan dan dikaitkan dengan set kabur (terma linguistik) untuk 
menilai tahap kerampingan semasa. Seterusnya, kaedah ini telah diuji dan dinilai 
dengan menggunakan dua kajian kes, dan beberapa tindakan pengurusan telah 
dicadangkan berdasarkan nilai tahap kerampingan yang berbeza. Penilaian ini 
mendapati bahawa kaedah yang dicadangkan adalah terpakai dan mudah untuk 
digunakan. Di samping itu, ia mendapati bahawa syarikat kecil dan sederhana dalam 
industri automotif di Iran perlu menerima perhatian yang lebih untuk meningkatkan 
tahap kerampingan. Kajian ini menyumbang untuk mengembangkan pengetahuan 
dalam pengukuran kerampingan rantai bekalan dan menyediakan garis panduan 
praktikal untuk syarikat kecil dan sederhana pembuatan dalam industri automotif 
untuk menilai, meramal, dan memperbaiki kerampingan rantai bekalan mereka 
menggunakan kaedah integrasi stokastik-kabur. 
